In this paper, using the classifications of timelike and spacelike ruled surfaces, we study the Mannheim offsets of timelike ruled surfaces in Minkowski 3-space. First, we define the Mannheim offsets of a timelike ruled surface by considering the Lorentzian casual character of the offset surface. We obtain that the Mannheim offsets of a timelike ruled surface may be timelike or spacelike. Furthermore, we characterize the developable of Mannheim offset of a timelike ruled surface by the derivative of the conical curvature κ of the directing cone.
Introduction
Ruled surfaces are the surfaces which are generated by moving a straight line continuously in the space and are one of the most important topics of differential geometry. These surfaces have an important role and many applications in the study of design problems in spatial mechanism, physics and Computer Aided Geometric Design (CAGD). Because of these positions of the ruled surfaces, many geometers have studied on them in Euclidean space and they have investigated the many properties of the ruled surfaces [5, 11, 12, 13] . Furthermore, the differential geometry of the ruled surfaces in Minkowski space has been studied in the references [1, 4, 6, 7] . Moreover, using the classification of the ruled surfaces, Uğurlu and Önder have given the Frenet frames, invariants and instantaneous rotation vectors of the timelike and spacelike ruled surfaces in Minkowski 3-space 3 1 IR [15, 16] . Furthermore, in the plane, while a curve α rolls on a straight line, the center of curvature of its point of contact describes a curve β which is the Mannheim partner of α . Mannheim partner curves have been studied by Liu and Wang in three dimensional Euclidean 3-space and Minkowski 3-space [8, 18] . They have given the definition of Mannheim partner curves as follows: Let C and C * be two space curves. C is said to be a Mannheim partner curve of C * if there exists a one to one correspondence between their points such that the binormal vector of C is the principal normal vector of C * . They have shown that C is Mannheim partner curve of C * if and only if 2 2 (1 ) d ds τ κ λ τ λ = + , where κ and τ are the curvature and the torsion of the curve C , respectively, and λ is a nonzero constant. Considering the notion of Bertrand curves, Ravani and Ku have defined and studied the Bertrand offsets of the ruled surfaces [13] . By a similar way, the Mannheim offsets of ruled surfaces have been defined and studied by Orbay and et al in 3-dimensional Euclidean space 3 E [10] .
In this paper, by considering the classifications of the ruled surfaces in Minkowski 3-space, we give the Mannheim offsets of the timelike ruled surfaces in Minkowski 3-space 3 1 IR .
Preliminaries
The Minkowski 3-space 3 1 IR is the real vector space 3 IR provided with the standard flat metric given by 
For any vectors 1 2 3 ( , , ) x x x x = and 1 2 3 ( , , ) y y y y = in 3 1 IR , Lorentzian vector product of x and y is defined by 1  2  3   1  2  3  2 3  3 2  1 3  3 1  2 1  1 2   1  2  3   (  ,  ,  ) e e e x y x x x x y x y x y x y x y x y y y y
(For details see [9] ). The Lorentzian sphere and hyperbolic sphere of radius r and center 0 in 3 1 IR are given by { } IR is called a timelike surface if the induced metric on the surface is a Lorentz metric and is called a spacelike surface if the induced metric on the surface is a positive definite Riemannian metric, i.e., the normal vector on the spacelike (timelike) surface is a timelike (spacelike) vector [2] .
Differential Geometry of the Ruled Surfaces in Minkowski 3-space
Let I be an open interval in the real line IR , ( ) k k s = be a curve in 3 1 IR defined on I and ( )s = be a unit direction vector of an oriented line in 3 1 IR . Then we have the following parametrization for a ruled surface
(1) The parametric s -curve of this surface is a straight line of the surface which is called ruling. For 0 v = , the parametric v -curve of this surface is ( ) k k s = which is called base curve or generating curve of the surface. In particular, if the direction of q is constant, the ruled surface is said to be cylindrical, and non-cylindrical otherwise.
The striction point on a ruled surface N is the foot of the common normal between two consecutive rulings. The set of the striction points constitutes a curve ( ) c c s = lying on the ruled surface and is called striction curve. The parametrization of the striction curve ( ) c c s = on a ruled surface is given by
So that, the base curve of the ruled surface is its striction curve if and only if , 0 dq dk = .
Furthermore, the generator q of a developable ruled surface is tangent of its striction curve.
The distribution parameter (or drall) of the ruled surface in (1) is given as , ,
(see [1, 14] ). If , , 0 dk q dq = , then the normal vectors are collinear at all points of the same ruling and at the nonsingular points of the surface N , the tangent planes are identical. Then we say that the tangent plane contacts the surface along a ruling. Such a ruling is called a torsal ruling. If , , 0 dk q dq ≠ , then the tangent planes of the surface N are distinct at all points of the same ruling which is called nontorsal [15, 16] . IR . The remaining ruled surfaces are called skew ruled surfaces [15, 16] . By using these classifications, the parametrization of the ruled surface N can be given as follows,
where 1 2 ,
The set of all bound vectors ( ) q s at the point O constitutes the directing cone of the ruled surface N . If 2 1 ε = − (resp. 2 1 ε = ), the end points of the vectors ( ) q s drive a spherical spacelike (resp. spacelike or timelike) curve 1 k on hyperbolic unit sphere 
From (5) 2 2 , ,
ii) If the ruled surface N is spacelike ruled surface then we have
Darboux vector of this frame is 1 w q a κ = − + . Then the derivatives of the vectors of Frenet frame in (7) can be given by 
Mannheim Offsets of Timelike Ruled Surfaces in Minkowski 3-space.
Assume that ϕ and ϕ * be two ruled surfaces in the Minkowski 3-space 3 1 IR with the parametrizations ( , ) ( ) 
respectively, where ( ) c (resp. ( ) c * ) is the striction curve of the ruled surfaces ϕ (resp. ϕ * ).
Let the Frenet frames of the ruled surfaces ϕ and ϕ * be { }
, ,
q h a and { }
, , q h a * * * , respectively, and ϕ be a timelike ruled surface. The ruled surface ϕ * is said to be Mannheim offset of the timelike ruled surface ϕ if there exists a one to one correspondence between their rulings such that the asymptotic normal of ϕ is the central normal of ϕ * . In this case, 
Similarly, if ϕ is of the type 
In (11), (12) and (13), θ is the angle between the rulings q and q * .
By definition, the parametrization of ϕ * can be given by Now, we can give the characterizations of the Mannheim offsets of a timelike ruled surface according to the classifications of the surface as follows. 
Mannheim Offsets of the Timelike Ruled Surfaces of the Type
Conversely, if (20) 
From (24) and definition of h * we have
Differentiating (23) with respect to s and using (25) we get
Conversely, if (26) holds then for nonzero constant scalar R we can define a timelike ruled surface ϕ * of the type 
By taking the derivative of (29) with respect to s , we have 
From the hypothesis and the definition of h * , we get
where λ is a scalar. By taking the vector product of (29) 
Taking the vector product of (32) 
It shows that, developable timelike ruled surface ϕ * of the type 
and if ϕ * is of the type 
similarly if ϕ * is of the type
where { } (5), (3), (11) and (12), we obtain 
Then, we can give the following corollary. R s s θ π = = an offset of ϕ is obtained as follows,
Corollary 5.4. (a)
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